REVIOUS work in this laboratory (Crookshank and Robbins, 1962; Robbins et al., 1965) has indicated that certain physiological relationships exist among the dietary intakes of specific minerals, the corresponding levels of these minerals in the urine and the probability of urolithiasis. The purpose of these experiments was to determine whether significant physiological relationships exist among the dietary intakes of minerals, the corresponding levels of minerals in the blood and the probability of occurrence of urolithiasis.
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Experimental
The first investigation of the relationships of the levels of serum minerals and the incipience of urinary calculi was made of survivors among 237 fine wool, weanling, wether lambs that were randomly divided into seven lots and were self fed a basal diet of 45% milo grain, 27% cottonseed hulls, 10~o each of cottonseed meal and molasses and 8% alfalfa hay for 98 days. Water and salt were available ad tibitum. The basal diet was fed as pellet and meal with and without 22 mg. oxytetracycline per kilogram of feed. Twentytwo mg. chlortetracycline and 125 mg. trimethylalkylammonium stearate per kilogram of pelleted basal diet, and a 3 mg. stilbesterol implant per lamb fed the pelleted basal diet constituted the other treatments.
Blood samples were taken 7 days prior to the end of the test and subsequent slaughter of the lambs. At slaughter, one kidney from each lamb was fixed in formalin, sectioned, Stained with hemotoxylin and eosin and studied for histopathological evidence of "microcalculi" in the collecting tubules. The other kidney and the bladder were examined for visible accretions in the hilus and pelvis of the kidney. Any uroliths observed were col- lected and the weight determined. The relationship of serum magnesium, calcium, or phosphorus to the incidence of calculi and to the degree of calculi development (quantity of uroliths in the urinary system) were estimated by chi-square analyses and analyses of covariance (Snedecor, 1959) .
Following the first exploratory study, three experiments involving 343 wether lambs were conducted. The experimental design including the dietary treatments are given in table 1; mineral composition of the basal diets in table 2; and the average daily intake of minerals and the Occurrence of urolithiasis in table 3. The mineral composition of the calculi have been described elsewhere (Robbins et al., 1965) . Blood samples were collected from randomly selected animals at 28-day intervals. Once selected, the wether was followed throughout the experiment unless a clinical case of calculi developed. When a clinical case developed, the animal was sacrificed and the urinary tract examined for the presence of uroliths. Any found were coUected and the weight was determined. The blood and urolith data from the animal was included in the analysis of the data from animals which developed urolithiasis. Urine samples were also collected from the same lambs at approxmately 2-week intervals throughout the experimental period. The urine data has been reported previously (Robbins et al., 1965) .
The serum mineral levels determined were inorganic phosphate (Fiske and Subbarow, 1925) , total calcium (Clark and Collip, 1925) and magnesium (Denis, 1922) . Serum potassium, sodium, total protein, albumin and globulin and the albumin to globulin ratio were also determined. The statistical treatments were similar to those used by Robbins et al. (1965) where the incidence of calculi was related to the urine components from these same animals.
Results and Discussion
In the initial experiment, 19 lambs were removed for nonexperimental reasons, and 36 1179 (Robbins et at., 1965) . But a quantaI, or all-or-none, biological response based on the presence or absence of calculi expressed as the percent incidence was a workable estimate and could be related to other aspects. On the basis of quantal response, the data from these lambs was classified according to the serum magnesium content in 0.4 mg. 100 ml. intervals, and the percent of lambs in each serum magnesium level class showing evidence of urinary calculi was calculated (table 4) . A significant positive relationship was evident between the level of serum magnesium and the proportion of lambs that had tubular or hitar calculi. A Chi-square test of independence of data was large enough (xezll.3; P<.05) to suggest that this graded deviation, correlative (r=.96; P< .01 ) with the serum magnesium was significant statistically. Similar comparisons, in this study, of the proportion of animals showing tubular microcalculi or hilar calculi with levels of either serum calcium or phophorus did not indicate a significant linear relationship.
In experiments II, III and IV, certain physiological relationships were observed between dietary intake and the mean serum level of certain constituents (table 5). The addition of disodium phosphate (lots 4 and 8) to the basal diet increased (P<.01) sermn inorganic phosphate, while the addition of calcium carbonate (lots 3 and 7) decreased this constituent (lot 3 P>.05, lot 7 P<.01). The sorghum grain-alfalfa hay diet significantly (P<.05) reduced serum phosphorus.
Calcium carbonate (lots 3 and 7), alfalfa hay (lot 9) and the sorghum grain-alfalfa hay diet (P<.01) increased serum calcium, whereas pelleting the basal diet significantly (P<.01) decreased it.
Serum magnesium was significantly less (P<.01) with the calcium carbonate (lots 3 and 7) and sorghum grain-alfalfa hay diets. Chlortetracycline also reduced (P<.05) the serum magnesium in these studies. Serum magnesium was higher (P<.05) when the basal diet was pelleted (lot 11). The incidence of urolithiasis varied with the several dietary treatments and from experiment to experiment, as did the average portions of the affected animals to the arcsin transforms (r=.84).
In a similar fashion, the incidence within treatment group (figure 2) was significantly (P<.01) and positively correlated, as the arcsin transform, with the average serum values of serum magnesium, calcium and phosphorus. When the average level of magnesium in the sera from lambs receiving a specific dietary treatment from a given experiment was plotted against the percent incidence of calculi for that treatment group (figure 1), there was a striking unity among the data regardless of the experiment, year of test, or diet. The results from all three experiments are apparently superimpossible. Those dietary conditions which caused a higher incidence of calculi also resulted in a higher average level of serum magnesium. The relation is suggestive of a typical doseresponse curve and was highly significant (P <.01 ) statistically when appropriately analyzed following the conversion of the prophosphate of the lambs in that group (r= .78). The structure of the relationship, however, appears less clear than that of magnesium. The correlation between average serum calcium and the incidence of calculi as the arcsin transform (figure 3), on the other hand, is a negative one but highly significant (r=--.86; P<.01).
When the means of the various serum constituents from lambs that developed urolithiasis were compared within an experiment regardless of treatment, with similar data from lambs that did not develop urolithiasis, the relationship of phosphorus and magnesium to calcium in the serum was emphasized (table 6). In all three experiments, serum magnesium was significantly (P~.01) higher in those lambs which developed urolithiasis. In these same experiments, serum phosphorus increased in the lambs which developed urolithiasis, but it was only significant (P~.01) in experiments II and III. Serum calcium decreased in all three experiments in lambs which developed urolithiasis, but differed significantly in experiment II (P<.05) and III (P~.01). Packett and Hauschild (1964) reported similar changes in serum phosphorus and calcium.
Multiple regression equations for estimating the relationship of serum phophorus, calcium and magnesium to dietary mineral intakes and length of time on test are given in table 7. The independent variables used in the prediction equations were those which had significant correlation coefficients for the respective dependent variables. The regressions of the levels of serum phosphorus, calcium and magnesium were significantly (P<.01) dependent upon one or more of the following independent variables: time and daily intake in grams of calcium, phophorus, potassium and sodium. Eveleth and Millen (1939) observed that animals with urinary calculi had high serum magnesium--as much as twice the normal amount. Packett and Hauschild (1964) observed high levels of magnesium in sera from both affected and nonaffected animals that were fed a calculogenic diet. The relationship evident in experiment I of these studies would suggest that conditions resulting in elevated levels of serum magnesium are associated with the higher probability of development of urinar:l calculi, not with the actual existence of ~rinary calculi per se. The data from experimer ts II, III and IV are consistent with this concept, but suggest that elevated levels of serum phosphorus and depressed levels of serum calcium are also associated with increasing probability of development of urolithiasis.
When the mineral concentrations in the urine of :arabs with and without urolithiasis (Robbins et al. 1965 ) are related to corresponding data obtained from the blood sera of these ~;ame lambs, it is evident that those lambs which developed urolithiasis had higher serum levels and lower urinary excretions of magnesium than nonaffected animals. Affected lambs also had higher serum and urinary phosphorus levels but a lower average serum calcium level with higher urinary calcium exci etions.
These data indicate that the development of phosphatic urolithiasis is associated with the development of metabolic conditions re- sulting in the renal retention of magnesium, in increased urinary calcium excretion coupled with decreased serum calcium and in increased urinary excretion of phosphates that may be activated by high levels of serum phosphorus.
Summary
A series of four experiments involving 561 wether lambs was conducted to determine the relationships of dietary mineral intake to serum mineral levels and the incidence of urolithiasis.
The addition of disodium phosphate increased the level of phosphorus in the serum and decreased serum calcium. Diets high in calcium decreased the level of serum phosphorus and magnesium while increasing total calcium in the serum.
Increased serum levels of phosphorus and magnesium and lower levels of calcium were found in Iambs which developed urolithiasis. But, as animals without calculi were found to have elevated levels of serum magnesium and phosphorus and lower levels of calcium, these conditions are interpreted to be indicative of increasing probability of development of urinary calculi, not with the actual existence of calculi per se. Serum potassium, sodium, total proteins, albumin and globulin had no apparent relationship to the development of urolithiasis.
Relating the blood data to previously reported data on urinary mineral contents suggests the development of urolithiasis may be associated with the development of metabolic conditions resulting in renal retention of magnesium, in increased urinary calcium excretion coupled with decreased serum calcium and in increased urinary excretion of phosphates that may be activated by high levels of serum phosphorus.
